A continuous flow process for the synthesis of a metal-organic framework using only water as the reaction medium and requiring only short residence times is described. This affords a new route to scale-up of materials incorporating many of the principles of green chemistry.
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Continuous flow synthesis of MIL-53(Al) can be achieved via continuous flow reaction in only 5-6 minutes with a space time yield of 1300 kg m -3 d -1 . In addition, an effective method for the extraction of terephthalic acid from within the pores of MIL-53(Al) using supercritical ethanol has been developed, representing a methodology for the activation and removal of substrates from within porous hosts.
Introduction
Metal-organic frameworks (MOFs) are currently the focus of intense scientific interest due to their wide range of potential applications in gas storage 1,2 and separation, 3 catalysis, 4 ,5 drug delivery, [6] [7] [8] and as thermo-active, 9 conducting 10, 11 and electronic 12, 13 materials. Of particular interest to us is the potential of MOFs to store and purify fuel and exhaust gases. 14 For industrial scale applications, MOFs must not only possess the desired functionality and
properties, but their synthesis and processing must be scalable at low cost to give products in high yield and purity. Increasing environmental awareness and commercial constraints mean that synthetic processes must be as green as possible, and water is thus an attractive solvent for the synthesis of MOFs. 15, 16 The most common methods for MOF synthesis are solvothermal batch reactions in
Teflon-lined stainless steel bombs or glass pressure tubes. [17] [18] [19] Long reactions times of several days are commonly used with slow heating and cooling rates using solvents such as N,N'-dimethylformamide (DMF), which is a toxic mutagen and environmentally hazardous. 20, 21 Slow hydrothermal syntheses are typically carried out at temperatures up to 220 °C, while microwave, 22, 23 sonication and mechanochemical 24, 25 syntheses involve shorter reaction times in some cases. However, for microwave and alternative methods of synthesis to be cost effective for scale-up, they need to have clear benefits over conventional heating routes. 26, 27 Continuous flow synthesis of MOFs has been demonstrated previously in elegant studies using interfacial synthesis to produce hollow MOF capsules on a small scale, 28 and utilising rapid solvent mixing. 29, 30 Significantly, however, these methods still make use of organic solvents such as 1-octanol, 28 DMF 29 and EtOH. 30 One of our objectives is to completely eliminate the use of toxic/organic solvents by using high temperature water (HTW). In previous reports water has been successfully use as the reaction solvent for the synthesis of MOF materials. 15, 16, 31 Herein we confirm that HTW can be used to reduce the reaction times from days to minutes in order to prepare porous materials rapidly and cleanly with excellent potential for scale-up, particularly under continuous flow. We demonstrate this methodology by using HTW to produce MIL-53(Al), a benchmark MOF that combines thermal stability with porosity 32 and adsorption selectivity. 33 We combine this with a new strategy for removal of guest molecule in MIL-53(Al) using supercritical EtOH.
Results and discussion
We have previously reported the use of HTW for the batch synthesis of MOFs, but the reaction generally required 48 hr for completion. 15 We However, it is important to select the right reaction conditions to produce a highly porous material. The effect of temperature on the surface area and gas uptake of the material produced was investigated by performing the reactions between 200 and 300 °C. These results, summarised in Table 1 , confirm that the optimum temperature for this system is 250 °C.
The real test of any 'green' process is whether it can be scaled up to produce commercially useful quantities of product. Therefore in collaboration with an industrial partner we have tested our synthesis of MIL-53(Al) using a larger scale reactor. With a flow rate for Na 2 L 1 of 400 ml min -1 mixed with a heated flow of Al(NO 3 ) 3 at 200 ml min -1 , more than 500 g of MIL-53(Al) were produced as an aqueous slurry in 4 hr. After drying of the material, the resulting MOF powder is pure white in appearance ( Figure 6 ) and after removal by calcination of H 2 L 1 from the pores the material has a surface area of 1010 m 2 g -1 similar to that of the lab-scale sample and nearly double the 553 m 2 g -1 of a commercially supplied sample of the same MOF (see ESI). 40 This scale of reaction corresponds to approximately 1 metric tonne per annum. The waste from this process include salts such as NaNO 3 but these can be readily removed from the effluent. 41, 42 Another possibility to be explored is the use of a terephthalic acid saturator after the preheater to avoid the generation of sodium salts or by the substitution of Al(NO 3 ) 3 by Al(OAc) 3 as acetate waste would be less hazardous.
However at the current scale of MOF manufacturing, disposal of these wastes does not pose a significant problem.
In order to demonstrate further the scope of the above methods, the MOF material HKUST-1 was synthesised in high temperature ethanol as the reaction solvent, first in batch and then using the continuous process. HKUST-1 has been synthesised previously in continuous flow, 28, 29, 43 and using ethanol in batch. 44 The process reported here combines the use of the green solvent ethanol and a continuous process, and PXRD of the isolated materials from this process confirms the formation of HKUST-1 ( Figure 7) . As both the 
Experimental
All reagents and solvents were used as received from commercial suppliers without further purification for both the batch and the continuous reactions. 
Synthesis of MIL-53(Al)
Batch
Synthesis of HKUST-1
The same procedure was used for the synthesis of HKUST-1 but ethanol instead of water was used (see Supplementary Details). For the synthesis of HKUST-1, the pressure of the system, temperature of the preheater and the reactor set were to 75 bar, 300 °C and 200 °C respectively, resulting in a 5.1 min residence time. .The first step of 38.5% between 215 °C and 440°C is the loss of in-pore H 2 L 1 and the second step of 39.2% between 500 °C to 690 °C is loss of coordinated ligand and decomposition of the material. 
